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Abstract  Since  its  introduction,  pedagogical  content  knowledge  (PCK)  has  been  widely  written
about in  the  science  education  research  literature.  It  has  served  as  an  alluring  concept  amongst
many of  the  discussions  on  the  teaching  and  learning  of  science.  This  paper  reviews  and  draws
together empirical  research  on  a  speciﬁc  PCK  lens,  consisting  of  two  tools:  a  Content  Represen-
tation (CoRe)  and  Pedagogical  and  Professional  Experiences  Repertoires  (PaP-eRs).  Both  tools
were originally  developed  by  Loughran  et  al.  (2006)  and  have  since  been  used  by  a  variety
of educational  researchers  and  practitioners  within  their  own  contexts.  This  paper  seeks  to
present how  CoRes  and  PaP-eRs  have  helped  conceptualise  and  advance  PCK  research,  includ-
ing the  impact  this  has  had  on  the  professional  practice  of  teachers.  This  paper,  in  so  doing,
also demonstrates  how  this  PCK  lens  can  facilitate  effective  teaching  and  learning  in  science
education.
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PALABRAS  CLAVE
Conocimiento
didáctico  del
Conociendo  ‘‘CoRe’’:  revisión  de  un  concepto  especíﬁco  de  investigación  en  ciencias
de  la  educacióncontenido;
Representación  de  un
contenido;
Resumen  Desde  su  aparición,  la  expresión  conocimiento  didáctico  del  contenido  (PCK,  por
sus siglas  en  inglés)  ha  sido  ampliamente  citada  en  la  literatura  sobre  investigación  en  las
ciencias de  la  educación,  y  ha  protagonizado  muchos  de  los  debates  sobre  la  ensen˜anza  y  el
.  Este  artículo  revisa  y  perﬁla  con  una  mirada  especíﬁca  los  PCK,
ntas:  una  representación  del  contenido  (CoRe),  y  un  repertorio  de
y  pedagógicas  (Pap-eRs).  Ambas  herramientas  fueron  desarrolladasAprendizaje  y
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originalmente  por  Loughran  et  al.  (2006),  y  desde  entonces  han  sido  empleadas  por  muchos
investigadores  y  docentes  en  su  contexto  particular.  El  objetivo  del  presente  artículo  es  mostrar
cómo el  uso  de  CoRes  y  PaP-eRs  ha  ayudado  a  conceptualizar  y  avanzar  en  la  investigación  del
PCK, incluyendo  el  impacto  que  este  ha  tenido  en  la  práctica  profesional  de  los  docentes.  Al
hacerlo,  también  se  muestra  cómo  el  PCK  puede  facilitar  una  ensen˜anza  y  un  aprendizaje  eﬁcaz
en educación  cientíﬁca.
Derechos  Reservados  ©  2015  Universidad  Nacional  Autónoma  de  México,  Facultad  de  Química.
Este es  un  artículo  de  acceso  abierto  distribuido  bajo  los  términos  de  la  Licencia  Creative
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Introduction
Pedagogical  content  knowledge  (PCK)  has  served  as  an  allur-
ing  theoretical  construct  since  it  was  originally  deﬁned  by
Shulman  (1986)  as  he  attempted  to  grasp  the  knowledge
bases  that  a  teacher  possesses.  From  his  research  he  con-
cluded  that  there  were  seven  knowledge  bases  associated
with  teaching;  one  of  these  was  PCK.  Shulman  deﬁned  PCK
as:
’’for  the  most  regularly  taught  topics  in  one’s  subject
area,  the  most  useful  forms  of  representation  of  those
ideas,  the  most  powerful  analogies,  illustrations,  exam-
ples,  explanations,  and  demonstrations-  in  a  word,  the
ways  of  representing  and  formulating  the  subject  that
make  it  comprehensible  to  others’’  (Shulman,  1986,  p.  9).
PCK  would  distinguish  the  knowledge  that  a  science
teacher  has  from  that  of  a  scientist,  a  scientist  would  have
considerable  knowledge  of  the  subject  but  would  not  nec-
essarily  have  the  knowledge  associated  with  the  effective
instructional  strategies  for  teaching  the  subject  (National
Research  Council,  1996).  In  other  words,  it  is  a  knowledge
that  is  unique  to  teachers  and  is  the  essence  of  teaching
(Cochran,  King  &  deRuiter,  1993).  A  scientist’s  knowledge  is
structured  from  a  research  perspective  whilst  a  teacher’s
knowledge  is  structured  for  the  purpose  of  student  learning
(Cochran  et  al.,  1993).
Shulman  (1986)  describes  PCK  as  an  amalgamation
between  knowledge  of  content  and  pedagogy  allowing
for  more  effective  teaching  of  a  particular  concept.  PCK
revolves  around  both  a  teacher’s  understanding  and  the
enactment  of  their  knowledge  (Park  &  Oliver,  2008).  PCK
develops  over  time,  through  experience  of  how  to  teach  a
particular  concept  in  a  speciﬁc  way  so  that  there  is  enhanced
student  understanding  (Loughran,  Mulhall,  &  Berry,  2006).
It  is  a  result  of  the  many  classroom  experiences  that  a
teacher  has  with  many  different  students  (Cochran  et  al.,
1993).  It  can  be  assumed  that  such  varied  experiences  and
understandings  of  what  enhances  student  learning  results
in  difﬁculties  around  how  PCK  can  be  conceptualised  in  the
classroom.
In  discussions  at  a  worldwide  PCK  summit  in  2012,  an
attempt  was  made  in  coming  to  a  general  consensus  of  a
description  and  conceptualisation  of  PCK.  The  attendees,
all  of  which  had  experiential  and  expert  knowledge  into  the
construct  of  PCK,  believed  PCK  (personal  PCK)  to  be  rep-
resentative  of  a  teacher’s  knowledge  of,  reasoning  behind,
and  purposeful  planning  for  teaching  a  particular  topic  in  a
certain  way  for  enhanced  student  learning  (Gess-Newsome,
r
b
t
i013).  Making  the  material  comprehensible  to  others  is  cru-
ial  behind  the  effective  teaching  and  learning  of  scientiﬁc
deas.  Once  such  way  that  has  become  recently  widely  inves-
igated  is  that  of  CoRes  and  PaP-eRs.  This  paper  now  draws
ogether  this  research  and  presents  a  review  and  impli-
ations  of  these  instruments  and  their  impact  on  science
eacher  education.  This  conceptualisation  of  PCK  and  review
f  the  literature  encompasses  research  from  around  the
lobe  and  is  not  speciﬁc  to  any  one  country  or  region.
apturing and measuring PCK
erhaps  the  most  important  message  in  Kind’s  2009  review  of
CK  (Kind,  2009) was  the  ‘‘strong  evidence  that  PCK  is  a  use-
ul  concept  and  tool  for  describing  and  contributing  to  our
nderstanding  of  teachers’  professional  practice’’  (p.  198).
he  summarised  the  empirical  studies  that  reinforced  the
dea  that  PCK  is  indeed  important  to  science  teachers  as  well
s  being  crucial  in  science  teacher  preparation  programmes.
oving  PCK  research  forward  then  requires  investigations
nto  capturing  and  portraying  PCK  and  then  making  this  more
xplicit  both  with  practising  teachers  and  student--teachers.
A  teacher’s  professional  knowledge  is  difﬁcult  to  cate-
orise  and  because  of  this  is  very  difﬁcult  to  articulate  and
ecord  (Loughran,  Mulhall  &  Berry,  2004).  Whilst  Baxter
nd  Lederman  (1999)  believe  PCK  to  be  a highly  complex
onstruct  that  is  not  easily  assessed,  in  order  to  ‘‘capture’’
CK,  it  requires  a combination  of  approaches  which  can
nvariably  portray  a  teacher’s  beliefs  about  what  teachers
now,  what  beliefs  they  hold,  what  they  do  together  with
heir  justiﬁcation  for  what  they  do.  The  authors  of  this  cur-
ent  paper  believe  that  the  complex  nature  of  PCK  requires
nstruments  which  can  adequately  portray  instances  of  PCK.
Two  instruments  have  gained  signiﬁcant  attention  in
he  science  education  research  literature:  these  are  a
ontent  Representation  (CoRe)  and  a Pedagogical  and
rofessional-experiences  Repertoires  (PaP-eRs),  both  devel-
ped  as  complimentary  tools  by  Loughran  et  al.  (2006)  from
hich  PCK  could  be  captured.  Kind  (2009)  believed  that  the
oRe  tool  offers  the  most  useful  technique  devised  to  date
n  science  education  research  for  eliciting  and  recording  the
CK  from  teachers  directly.  Indeed  both  the  authors  in  this
urrent  paper  have  used  these  tools  in  their  own  research
nd  that  is  why  the  remaining  discussion  will  focus  on  these
nd  provide  insight  into  how  they  have  been  used  in  various
esearch  contexts.  The  extent  to  which  mainly  the  CoRe  has
een  used  in  a  variety  of  research  contexts  gives  substance
o  the  authors  assumption  that  it  is  the  most  widely  used
nstrument  for  PCK  related  purposes.
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These  pedagogical  tools  (CoRes  and  PaP-eRs)  not  only
elp  capture  the  teachers’  PCK  but  can  also  be  seen  as  a
ay  of  portraying  this  knowledge  to  others.  These  two  tools
ffer  a  topic  speciﬁc  orientation  as  opposed  to  a  general  PCK
epresentation  (Lee  &  Luft,  2008).  The  teachers’  PCK  can  be
etected  through  such  things  as  content  speciﬁc  teaching
rocedures,  e.g.  laboratory  work,  observations,  question-
aires  and  discussions.
A  CoRe  is  a  research  tool  for  accessing  science  teachers’
nderstanding  of  the  content  as  well  as  a  way  of  repre-
enting  this  knowledge  (Loughran  et  al.,  2006).  A  CoRe  can
e  used  as  an  interview  tool  whose  function  is  to  draw
ut  teachers’  understandings  of  important  aspects  of  the
ontent  under  consideration.  The  main  purpose  of  CoRes
s  to  codify  the  teachers’  knowledge  across  the  content
rea  that  is  being  examined,  which  allows  one  to  see  what
evel  of  understanding  each  teacher  has  (Loughran  et  al.,
006).  CoRes  are  mainly  developed  in  groups  (but  can  be
one  individually)  and  PaP-eRs  are  individual  representa-
ions  (Loughran  et  al.,  2004).  The  reason  for  this  difference
s  due  to  the  fact  that  complementary  aspects  of  PCK  can
e  examined  through  group  exploration  as  well  as  individual
xploration,  PCK  can  be  a  socially  constructed  phenomenon
Loughran  et  al.,  2004).  Abell  (2008)  advises  that  PCK  can  be
eld  at  both  an  individual  and  group  level  and  suggest  that
he  CoRe  matrix  can  help  teachers  deﬁne  PCK  for  teaching  a
articular  topic.  Teachers  construct  a  CoRe  on  a  particular
opic  by  answering  a  number  of  framed  questions  but  before
his,  need  to  consider  the  big  ideas  around  the  teaching  of
he  chosen  topic.  These  big  ideas  are  the  fundamental  ideas
hat  teachers  view  as  crucial  for  students  to  develop  their
nderstanding  of  a  topic  (Loughran  et  al.,  2006).  There  is  no
eﬁned  number  of  big  ideas  but  Loughran  et  al.  (2006)  found
here  to  be  typically  5--8  big  ideas  within  a  given  topic.
PaP-eRs  connect  the  teachers’  actual  practice  with  their
oRe  and  offer  a  structure  for  reﬂection  and  evaluation  of
he  teaching.  The  PaP-eRs  are  about  reﬂecting  on  the  teach-
ng  of  the  content  within  the  classroom  context  and  help  to
llustrate  aspects  of  PCK  in  action.  A  collection  of  PaP-eRs
re  attached  to  different  areas  of  the  CoRe  to  highlight  the
ifferent  elements  of  PCK  in  that  content  area  (Loughran
t  al.,  2004).  Together  with  its  associated  set  of  PaP-eRs,
he  CoRe  must  be  conceptualised  as  necessary  to  codify  and
ategorise  the  knowledge  and  content  under  consideration.
aP-eRs  are  developed  from  detailed  descriptions  offered
y  individual  teachers,  and/or  as  a  result  of  discussions
bout  situations/ideas/issues  relating  to  the  CoRe,  as  well
s  classroom  observations  (Loughran  et  al.,  2006).  A  PaP-
R  is  further  developed  through  the  interaction  between
‘prompts,  questions,  issues  and  difﬁculties  that  inﬂuence
he  particular  approach  to  teaching  that  content  to  which
he  PaP-eR  is  tied  and  reﬂects  the  richness  of  the  teacher’s
nderstanding  of  science  teaching  and  learning  in  that  ﬁeld’’
Loughran  et  al.,  2004,  p.  377).
he use  of CoRes and PaP-eRs in science
ducational researchs  suggested  previously,  many  researchers  have  used  the  PCK
nstruments  developed  by  Loughran  et  al.  (2006)  for  their
wn  research  endeavours.  The  following  section  reviews  the
d
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mpirical  research  around  the  use  of  CoRes  and  PaP-eRs  in
ecent  science  educational  research.
Originally  Loughran  et  al.  (2006)  developed  the  CoRe  and
aP-eR  to  capture  and  portray  the  PCK  of  experienced  tea-
hers.  They  noted  from  their  experiences  that  the  act  of
escribing  ones’  PCK  through  CoRe  construction  requires
eachers  to  problematise  the  content  and  teaching  and
an  facilitate  to  process  of  teachers  to  share  with  oth-
rs  their  knowledge  about  how  to  teach  particular  content
or  enhanced  student  learning  (Loughran  et  al.,  2006).
ume  and  Berry  (2013),  Nilsson  and  Loughran  (2012)  and
ehane,  O’Reilly  and  Mooney-Simmie  (2013)  and  Bertram
nd  Loughran  (2014)  focused  their  attention  on  using  the
oRe  with  pre-service  science  teachers.  When  pre-service
eachers  were  asked  to  construct  CoRes,  Hume  and  Berry
2011)  noted  that  pre-service  teachers  found  this  task  to
e  challenging  and  their  lack  of  experimentation  and  class-
oom  experience  proved  to  be  a  limiting  factor.  In  spite  of
his,  Hume  and  Berry  (2011)  found  that  with  appropriate
nd  timely  scaffolding,  the  process  of  CoRe  construction
ould  potentially  aid  pre-service  teachers  in  their  PCK  devel-
pment.  They  also  concluded  that  if  pre-service  teachers
ontinued  to  work  together  and  practice  their  CoRes  cre-
tion,  they  not  only  improved  but  were  aided  in  their
reparation  for  classroom  teaching  and  learning  (Hume  &
erry,  2011).  If  the  CoRe  design  process  is  carefully  scaf-
olded  and  pre-service  teachers  work  from  experienced
eachers’  PCK,  then  it  would  allow  the  pre-service  teachers
o  begin  accessing  and  accumulating  some  of  the  knowl-
dge  of  experienced  science  teachers  and  would  help  bolster
eelings  of  conﬁdence  and  competence  when  they  begin  to
rrange  their  own  knowledge  for  their  model  of  PCK  (Hume
 Berry,  2011).
Lehane  et  al.  (2013)  focused  their  study  on  using  the  CoRe
o  capture  and  develop  inquiry  orientations  of  pre-service
cience  teachers  as  part  of  a  professional  learning  commu-
ity  (PLC).  They  adapted  the  CoRe  slightly  to  include  an
nquiry  focus,  changing  the  pedagogical  prompt  ‘‘teaching
rocedures  (and  speciﬁc  reasons  for  using  these  to  engage
ith  this  idea’’  to  ‘‘teaching  procedures  (with  speciﬁc  ref-
rence  to  teaching  through  inquiry).  Lehane  et  al.  (2013)
bserved  that  the  professional  collaboration  between  the
re-service  teachers  resulted  in  the  whole  cohort  develop-
ng  a  living  educational  theory  (Whitehead,  1989)  as  to  what
hey  perceived  inquiry  to  look  like.  Involvement  in  the  CoRe
orkshops  provided  the  pre-service  teachers  with  an  avenue
o  share  ideas  and  work  together  to  consider  how  they  would
each  a  variety  of  topics  through  inquiry.  The  pre-service
eachers  struggled  initially  however  they  reported  that  the
upportive,  discursive  environment  created  during  the  CoRe
orkshops  acted  as  scaffold  to  enhancing  their  awareness  of
nquiry.  The  espoused  developing  inquiry  orientations  were
een  to  successfully  translate  into  classroom  practice.
Nilsson  and  Loughran  (2012)  found  the  CoRe  to  be  a  use-
ul  tool  in  planning  for  and  assessing  pre-service  teachers
wn  learning  related  to  teaching  elementary  school  science.
heir  study  has  shown  that  it  is  possible  to  introduce  PCK  to
eachers  of  young  children,  not  just  for  teachers  of  chil-
ren  at  higher  levels  (where  the  majority  of  PCK  research
as  been  situated).  Adadan  and  Oner  (2014)  focused  their
esearch  on  interpreting  the  changes  in  two  pre-service  sci-
nce  teachers’  PCK  representations  of  behaviour  of  gases
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over  a  semester  long  chemistry  teaching  methods  course.
The  pre-service  teachers’  PCK  representations  increased
over  the  course  of  the  semester  however  the  components  of
PCK  did  not  progress  to  the  same  extent  for  each  participant.
Chordnork  and  Yuenyong  (2014)  also  used  the  CoRe  with  ele-
mentary  school  teachers  to  facilitate  them  in  developing
a  greater  understanding  of  teaching  global  warming.  Find-
ings  from  their  study  suggested  that  teachers  found  that  the
CoRe  offered  a  means  to  understand  PCK  and  its  inﬂuence
on  science  teaching.  Bertram  and  Loughran  (2014)  explored
how  PCK  might  begin  to  be  developed  in  pre-service  physics
teachers.  They  used  the  CoRe  as  a  frame  for  ’planting  the
seed’’  (p.  151).  They  recognised  that  pre-service  teachers
would  lack  appropriate  PCK  since  PCK  is  linked  with  class-
room  experience.  Their  research  revealed,  that  by  using
a  CoRe,  the  pre-service  teachers  ‘‘shifted  from  a  mostly
transmissive  content-focused  delivery  to  one  that  consid-
ered  more  pedagogically-reasoned  approaches  .  .  .  thereby
providing  that  some  aspects  of  their  PCK  have  begun  to  be
developed’’  (p.  151).
Indeed  pre-service  teachers,  while  lacking  experience  in
the  classroom  as  the  facilitators  of  learning,  have  devel-
oped  scripts  for  teaching  based  on  their  years  in  what  Lortie
(1975)  refers  to  as  the  apprenticeship  of  observation  and
Abell  (2008)  believes  that  these  scripts  limit  their  views  on
teaching  and  learning.  The  CoRe  provides  a  cognitive  and
reﬂective  challenge  for  pre-service  teachers  as  they  con-
tinue  to  conﬁrm  or  remove  some  of  their  pre-existing  notions
of  teaching  as  they  transition  through  their  Initial  Teacher
Education  programme.  Nilsson  (2013)  again  used  the  CoRe
to  facilitate  pre-service  teachers  PCK.  She  noted  from  her
study  that  developing  a  CoRe  together  with  self-assessment
and  formative  interactions  with  teacher  educators  and  peers
can  potentially  lead  to  PCK  development.  Loughran,  Mulhall
and  Berry  (2008)  focused  their  studies  on  having  a  teacher
educator  introduce  pre-service  science  teachers  to  ideas
about  PCK  through  the  CoRe  and  the  PaP-eR.  They  found
that  the  use  of  PCK,  through  the  medium  of  the  CoRe  and
PaP-eR  can  offer  another  way  of  thinking  about  teaching
that  goes  beyond  the  traditional  range  of  ‘‘tips  and  tricks’’
about  how  to  teach  (Loughran  et  al.,  2008).  It  encourages
pre-service  teachers  to  devolve  into  deeper  understandings
and  link  teaching  and  learning  purposes  (Loughran  et  al.,
2008).  The  ﬁndings  also  showed  that  the  pre-service  teacher
teachers  adopted  a  particular  language  which  the  authors
believed  were  as  a  result  of  the  pedagogical  prompts  within
the  CoRe.  This  ﬁnding  suggests  that  the  barrier  presented
by  Berry,  Loughran,  Smith  and  Lindsay  (2009)related  to  the
non-existence  of  a  language  resulting  in  the  elusiveness
of  documenting  teachers’  knowledge,  is  indeed  eradicated
through  the  use  of  the  CoRe.
Williams,  Eames,  Hume  and  Lockley  (2012)  used  the  CoRe
as  a  lesson  planning  tool  with  early  career  teachers  while
others  (Hume  &  Berry,  2013;  Bertram  &  Loughran,  2012)
have  also  advocated  their  use  as  a  lesson  planning  tool.  How-
ever  Williams  and  Lockley  (2012)  expanded  their  use  of  the
CoRe  by  using  it  with  technology  students  as  well  as  sci-
ence  students.  This  suggests  that  the  CoRe  can  be  utilised  in
a  variety  of  general  subject  contexts  beyond  its  ubiquitous
use  in  the  sciences.  Williams  et  al.  (2012)  also  used  the  CoRe
as  a  tool  for  building  the  PCK  of  early  career  teachers  and
results  showed  that  involvement  in  the  CoRe  construction
a
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elped  these  novices  develop  conﬁdence  in  what  they  were
eaching  and  to  try  new  pedagogical  strategies.  Williams
t  al.  (2012)  also  found  that  the  support  of  expert  teachers
ontributed  hugely  to  the  successful  design  of  the  CoRe.
illiams  et  al.  (2012)  use  of  the  CoRe  as  a  lesson  planning
ool  developed  from  an  initial  study  carried  out  by  Eames,
illiams,  Hume  and  Lockley  (2011).  They  brought  together
cience  and  technology  experts  in  both  content  and  ped-
gogy  with  early  career  science  teachers  and  researchers
o  design  a CoRe  to  assist  the  development  of  teacher  PCK.
his  developed  CoRe  was  then  used  by  early  career  teachers’
n  the  planning  and  delivery  of  a  classroom  activity.  Eames
t  al.  (2011)  believed  that  CoRes  had  the  potential  to  help
arly  career  teachers  gain  access  to  the  content  and  peda-
ogical  expertise  of  others.  Also  the  process  of  developing
he  CoRe  with  experts  was  nearly  as  important  as  the  prod-
ct  of  the  CoRe  itself  (Eames  et  al.,  2011).  This  suggests  that
aking  part  in  the  construction  of  a  CoRe  can  allow  for  expe-
iential  learning.  This  is  vindicated  by  Lehane  et  al.  (2013)
ho  stated  that  the  CoRe  can  act  as  a  gateway  for  novice
eachers  to  gain  insight  into  expert  teachers’  knowledge  and
xperience.
Padilla,  Ponce-de-Leon,  Rembado  and  Garritz  (2008)  used
he  CoRe  to  capture  the  PCK  of  four  university  professors
n  the  topic  of  the  ‘‘amount  of  substance’’.  They  classiﬁed
nd  discussed  the  participants’  PCK  using  Mortimer’s  con-
eptual  proﬁle  model  which  analyses  conceptual  evolution
n  the  classroom  (Padilla  et  al.,  2008).  Rollnick,  Bennett,
hemtula,  Dharsey  and  Ndlovu  (2008)  also  used  the  CoRe  as
 tool  to  facilitate  the  teaching  and  learning  of  the  amount
f  substance,  similar  to  Padilla  et  al.  (2008)  but  included
he  topic  of  chemical  equilibrium  in  their  research  agenda.
he  focus  of  this  study  was  to  investigate  the  effect  of  a
eacher’s  subject  matter  knowledge  on  their  PCK.  Garritz
nd  Ortega-Villar  (2012)  used  the  CoRe  to  capture  four
niversity  professors  understanding  of  ‘‘condensed  matter
onding’’  and  follow  up  interviews  led  the  researchers  to
onsider  PCK  to  extend  to  having  an  affective  element  where
tudents’  interest  and  motivation  should  be  a focus  when
onsidering  the  teaching  of  a  topic.  The  success  of  the  CoRe
n  these  contexts  illustrates  how  it  can  be  used  to  facilitate
eaching  speciﬁc  topics.
Davidowitz  and  Rollnick  (2011)  used  the  CoRe  to  portray
he  practice  of  a  university  lecturer  as  they  believed  that  the
trength  of  the  CoRe  was  in  its  ability  to  focus  the  lecturer’s
nderstanding  of  the  aspects  of  teaching  that  represent  and
hape  the  content.  Barendsen,  Dagiene,  Saeli  and  Schulte
2014)  would  have  used  the  CoRe  to  capture  the  PCK  of  both
xperienced  and  novice  teachers  and  in  doing  so  gain  under-
tanding  of  the  differences  between  their  respective  PCKs.
he  ﬁndings  suggested  that  experienced  teachers  stressed
igher  order  skills  while  the  novice  teachers  focused  on  more
imple  applications  of  learning.
Donnelly  and  Boniface  (2013)  made  the  accessibility  of
he  CoRe  more  interactive  by  creating  an  on-line  Wiki  in
esponse  to  the  potential  issues  in  having  teachers  meet
ace  to  face  to  design  a  CoRe.  It  was  also  in  response  to
he  proclaimed  issue  of  CoRe  construction  being  a  labour
nd  cost  intensive  affair  (Donnelly  &  Boniface,  2013).  They
onsider  the  fact  that  CoRes  can  be  developed  individually
nd  shared  online  (Donnelly  &  Boniface,  2013).  Even  though
he  CoRe  was  originally  constructed  to  represent  group  PCK,
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Questions/inquiry
pedagogical activities
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Identify
and
consider
questions
that can be
answered
through
inquiry
Define and
analyse
properly the
question to be
solved and
identify its
relevant
aspects
Gather
bibliographic
information to
be used as
evidence
Develop
explanations to
set out
question, from
evidnce
Think about
everyday
problems and
display
relevant
historical
aspects
Design and
conduct a
scientific
investigation
Communicate
by means of
argumentation
what has been
learned through
inquiry
1. Why do you consider
impportant for students to
develop this activity?
2. Whare are the
difficulties or limitations
of teaching this activity?
3. What are the difficulties
or limitations of students
related with learning this
activity?
4. What teaching
examples and procedures
do you use for engaging
students with this activity?
5. What are the specific
ways for ascertaining
students’ undersanding or
confusión around this
activity?
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thers  have  found  use  in  the  individual  construction  of  CoRes
Lehane  &  Bertram,  2013).  While  the  group  construction  and
he  professional  learning  community  created  does  have  its
wn  beneﬁts,  studies  have  shown  that  teachers  can  also  gain
rofessional  learning  from  creating  a  CoRe  individually.
Grgurina,  Barendsen,  Zwaneveld,  van  Veen  and  Stoker
2014)  focused  on  exploring  the  computational  thinking  skills
f  teachers  namely  their  skills  in  data  collection,  algo-
ithms  and  procedures  and  simulation.  From  the  analysis  of  a
eries  of  CoRes  the  authors  determined  that  the  teachers  in
uestion  had  varying  knowledge  of  learning  objectives  and
ompleteness  of  their  respective  PCK.
Espinosa-Bueno,  Labastida-Pina,  Padilla-Martinez  and
arritz  (2011)  used  the  CoRe  to  document  teachers’  ped-
gogical  inquiry/content  knowledge  (PICK)  and  were  more
ocused  on  getting  the  participants  to  consider  the  implica-
ions  of  including  the  features  of  scientiﬁc  inquiry  in  their
esson.  However  the  CoRe  scaffold,  named  I-CoRe,  was  so
igniﬁcantly  adapted  that  its  resemblance  to  the  original
oRe  designed  by  Loughran  et  al.  (2006)  was  minute  as  Fig.  1
eveals.
The  purpose  of  the  I-CoRe  was  to  consider  the  complex-
ties  of  including  the  features  of  inquiry  within  a  classroom
nd  does  little  to  suggest  how  inquiry  is  embedded  within  a
eacher’s  PCK  as  in  its  description;  it  does  not  integrate  the
omponents  of  PCK  within  the  I-CoRe  scaffold.
Park  Rogers  et  al.  (2012)  have  used  the  CoRe  to  facilitate
n  the  development  of  science  curriculum  by  introducing
spects  of  PCK  into  curriculum  documentation.  This  use  is
ar  removed  from  the  originally  intended  use  of  the  CoRe
ut  it  does  again  conﬁrm  the  ﬂexible  nature  of  the  CoRe  for
ndividual  educational  purposes.
The  above  section  has  provided  an  insight  into  the  var-
ed  interpretations  and  uses  of  the  CoRe  in  particular  in
c
t
R
t et  al.  (2011)  I-CoRe.
cience  education  research.  However  the  question  remains,
oes  such  illustration  of  use  provide  adequate  response  to
he  contentious  construct  that  is  PCK?  The  next  section  will
xplore  this  inquiry.
uture research
ind’s  (2009)  review  ended  with  her  view:
‘‘Education  courses  should  make  explicit  what  PCK  is,
for  example,  by  introducing  CoRes  as  a  way  of  describing
current  practice  and/or  using  completed  CoRes  as  exem-
plar  material.  CoRe  completion  promotes  develop-  ment
of  reﬂective  practice  skills,  offering  a  means  of  acknowl-
edging  changes  in  PCK  through  application  of  classroom
experience.  Use  of  vignettes  and  other  prompts  may  also
be  useful  ways  of  highlighting  and  devising  instructional
strategies’’  (p.  200).
The  authors  agree  with  Kind’s  views  and  believe  that  the
evelopment  of  the  CoRe  and  PaP-eRs  and  the  contribution
hat  the  instrument  has  made  to  science  education  research
s  not  something  that  should  be  ignored  or  forgotten.  The
iversity  of  contexts  in  which  it  has  been  used  suggests
hat  imaginative  applications  of  these  instruments  can  con-
inue  to  contribute  to  research  in  science  education.  Future
esearch  may  lie  in  the  continued  development  of  CoRes  and
aP-eRs  and  the  publishing  of  examples  of  developed  CoRes
nd  PaP-eRs  within  a  resource  folio.
Loughran,  Mulhall  and  Berry  (2012)  have  published  spe-
iﬁc  examples  of  developed  CoRes  and  PaP-eRs  related
o  the  topics  of  the  Particle  Theory,  Genetics,  Chemical
eactions,  Electric  Circuits,  Force  and  the  Circulatory  Sys-
em.  These  provide  exemplars  of  expert  teachers  espoused
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and  enacted  PCK  and  are  a  valuable  professional  develop-
ment  resource.  As  well  as  the  Particle  Theory,  Chemical
Reactions  and  Genetics,  pre-service  science  teachers  within
the  study  conducted  by  Lehane  et  al.  (2013)  developed
a  number  of  CoRes  on  the  topics  of  Heat,  Mechanics,
the  Immune  System,  Respiration,  the  Nervous  System  and
Modern  Physics.  Further  research  would  involve  experts
reviewing  these  CoRes,  making  suitable  changes  and  dis-
seminating  them  to  other  cohorts  of  pre-service  science
teachers  within  the  Initial  Teacher  Education  programmes  in
Ireland.
To  date,  the  CoRe  has  been  the  more  widely  used  of  the
two  in  the  literature.  While  the  CoRe  does  provide  a  unique
portray  of  PCK,  it  is  reﬂective  of  espoused  PCK.  A  greater
focus  on  reporting  enacted  PCK  is  needed  to  compliment
the  CoRe.  Therefore  the  authors  would  suggest  the  need  to
provide  narrative  accounts  of  a  teacher’s  PCK  in  their  actual
classroom  context.  Having  a  repository  of  enacted  PCK  from
actual  and  varied  classroom  settings  would  broaden  the
appeal  of  using  these  tools  to  facilitate  teachers’  profes-
sional  development.
Other  possible  research  may  lie  in  using  the  CoRe  for  spe-
ciﬁc  research  purposes,  for  example  Lehane  et  al.  (2013)
used  the  CoRe  to  develop  inquiry  orientations,  so  the  poten-
tial  is  there  to  develop  alternative  teaching  methodologies
using  the  CoRe  scaffold.  Also  the  non-speciﬁc  nature  of  the
CoRe  means  that  its  design  could  be  extended  to  other  sub-
ject  areas.
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